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(54) K9i<&£#a xe^5/*;wfc^2£«<D«a^ 

H ) '<*?IMUK3 0 l±tr. S&i 
<OG a N^k^^i^fe^M 3 0 3^Xt^i/ 
t;Hfit*I8L (n) InHOGaNM^ 

(A) S2OGaNM^}MgfiiR30 
5*xe*^*7H«*f*IH4:, <-) S&2<0Ga 

ait *2Kt< & c»4rr « . 
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im?m i ] wmm&tiiz. m 1 <rm.icti y •> 

fflSM 1 <OSHbif U »> AMfcgWFWfMU&MIKax 

ft3flS£xe?=*S>*;Hfc&r4Xfii. 

[MS* 2 ] TnTlES* 2 OSft^U 
Alft^WSMMMlTi. & £ t swat*:-*- »m 

? A^ft^^tN^j^Stcj^ & *Bx y * 
3<7)gfl^f'J ^A3Mb-^s¥««*ea55MSrxe^^ 

im&m 5 ] ktemi 3 <r>mw y •> ajm&whk* 

wwwiisiHiirc* *> ^ t * mt h t & it 4 1 a 

[»*B6] <nB»ioHflyyy«>AjRfli-&«j¥«t» 
jwaasraifrxe** s^/www-* iwcjbh* #y 

^sxafcJ^&tfy^Aismi. m^jww 

urn. 

a. saaxy^-yrfcio. mMyy^AMrtiwi: 
**u s»SAtj:oi!fast2^gft^y'>AiWk^fij 



mt-thmxm i-6ww i mmo^?* */ 

frfais i cogfttfy ^ A»t^*###*s^^J: 
sirs-* vs^a &*ts s-fby y 

fiSS&Srxe* *i-*/Wfcg-f SXg£ , 

megrcanitfy v&mt&tomsim&fmm ; 

ltExe$>;afS^wa*ffl««<o±fc. Hfc#y*AJR 

fl:^i¥««s*^a»Ko#SfifJi£-xt^ #i-wn£ 

ISfc. 

«&JHts*>*Ui*)afbpy ^a^{l^»©«c* 
[n*a9] mmi^mus y ^ as^^**** 

3 y A^-fk^!ti!i^tt:#^assKS:xe^ * 
[iMtm i o ] wiam i vmttfv v&mt&mm 

«c*»flWK*xK^ap^-v;k«*r*XSt:ffl^*Xf 
C000 1 ] 

fe^«cmeA^<7)8ai^. &i/£ ^g a 

[0002] 

SftT^S. GaN^b^J^»^raeaSr^$^6 
^Si: LT. ^ra^JS^-^JSvffi^a (KIT TMOC 
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T>*-T (NH 3 ) #Ak&tZ. im&mttftfo 

h 3 *ffiffliri>i&£#£i> 0 

c o o o 4 1 mtimocvD^m^x^y rm 

%?4*-Y (tlT^V^T r LED j b^o . ) m<7> 

[0 0 0 5] ZV£o%^*m?thtitb£. K GaN 

T^^-^A (A l N) OA' 7 7rl^SJ^*ft 
(rr5-f H -yiiSytA- U?-Xm4S^ 1986 
^ S&353Jt\ 2tf*8lf§¥2 - 2 2 9 4 7 6^4M& 
jfg)^, GaN^A.y7r^Sri«:^^^*^ (^^n- 

x-x . is^-i-ji> . *7 • 7/7>f k ■ ^ ^ y y ?X 

IfBO^ 1991^. mi715W. ^t/#^F4 - 2 9 7 0 

2 3-§-&$g#sa) &®3&tix^h. zco-mte. y-y 
r a rmfokiz, j&s&g4 o 0-9 0 oroffis&T*. 

m&tfl o~~i 2 0 nm<r)j<yy rmt:&ftZ>be)T$> 

^60*a<^^/7rlO±tCGaNii^^^ 

zt£Z~>x. G*N*m#m<7>m&&mfm*y* 
C0006] 

m±. ^vyTmn&g&fr&mLKMmzti. t&i> 
i^i/zm\m^t:^<mmti>^^hi>. 

X. TMG^MOtfA£tfVV&imi,zm^h1§'&1 f Z 

texv^Mzmvm (hc 1 > tfxzjmzitxmft 

tfWA (GaC I ) tLXi*t£?Z1jjZXi±. SSffi 

ifiwsiz&z. x. skg a Nm:^¥&mm£h* 

OGaC 1 £i^^£:fr3#-#6U**. ftfc&fc* 

^^^o-ohLr, «»=ixb:ewfMi*. mo 



c y d £te Jt^T 2*63 &»*{&< »i * «r fc aw* 

mgStffcJSffiG a N»ki^*W«*Brfl<?>±fcJB 

&m&mifo±.&$zibt>tix^t:. mz, ^/ 
[0007] x. z<D£o%imcoG*umk£mzm 

fc****«K9fflLffl»*#«U nSGaN5fifl:«& 

x. H-sii*^iffi$:Mti»^*^, mm. 

[0008] ^^BHiiCOi: 5 

[0009] *^J<^ffiO@Wti. ©JttStli^xe^^ 

[ooio] *«HH^jEte«oBWi±, 

[0011] *^OMfcffiOSWIi:. *tv^«AA9tt 
[0012] #«WOHfcflS^Bttli. 7 

[0013] 



1(4) 



is-Yjism-thrm <ns 1 1§ ) t , < o > £©» 1 « 

OaN^AW|i««M«ftlMM^)Jifc-f vy^A ( I 

n ) t.*tro a n aMk^W#*j^,asiiS&xe 

S/-WHfc#r&IS (»2IS) t. <^n) £coi n£ 
^tfGaN^-^IW#«*^^K<7)±t:. SS2C9G 

(SI3XS) t. <-) SS2cJ5GaNJ5Wfc£!8j¥ 

[0 0 14] r^^KMUHRj t»i, ^ 77 

J>J-yhZ. #M7*^H7V- Br 
5£<OJ?3 JP3 1 OOjumTblSSOO^mg 

#tT>v8rVi. G a N ^b^tf^WISflSfK 

«<?5*tC. 6H-^fl^g (S iC) , 3C-SiC. 
BMftPSft (ZnO), SMfcV^S/^A (MgO) 

LW7 r -< TaHSti. «t»f , ( a ) A>7 
ft. %M«llgrejJ*Lfclit&fc8miir£^L-C 

slub<*e * VT&&<7>mi*imL%tf^\%±.wh 

* vVy ( c ) JSm<OSW&5fci&ifoK£*&+r 

ifeSK^, ( d ) imf&tzm^iktMlXDW -KSr 

[ooi5] ^mfrminmmz&htt**^^ 
&mmmsi<?mk-miizs.ix\z\ mixmz&wc&i 
cog a ^t^^wm^^msiizm^ixtMA^ 

3TLfcxe:?*^/Wj£J|ffig«£:#6.r t tfifefcl.. 

«->t, ^coxe^s^/w&gffl^oiifcxe** 
g a Nmc^wmmmimsii<ox 

[0 0 16] *Sl^micO#ac^6xe^dr^i»;P 
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t -< 7S$#<0^i,?|± I !! J g$£?TO LTxe**^* 

[00173 *mmm 2 vrnit. ( 4 ) 'W?im 

MRJbfc. MS 1 <OG a N9»b£«l43Hfr^J!fr¥R&x 
Kfi*is-v (S51IS) fc. <a) £<0 
ficOGa NM«milWll: I n 
tf G a N^t^l^WtmSHlfiKS-xe^ *5*wH* 
jfcf-SIfl (JK2IS) t. (A) ^cOInSr-S-tfGa 

Nmt^n^mtm^ B %mm±i,z, si2coGaN^ 

(S3Ig)t> (-)SS2C0GaN^fl:^-*WS«c# 

>\simmmLb-thTM (smxh) t. (*)xe^ 

^r^/WK^fflS«co±C GaN^fb^^f^g 
B B H ^M<0^«fliitSxt^>'+/PB£^:-f-|,XS (IS5 
Xg> <M fltlntJLI^aNMtfkf 

WMUiiunitcttC-cvs^iwf- sis <s&6x 

?I> fc2:^=S:<tfeq|-t&*®«^acOS3t*S-C*6 
[0018] 2 CD^lC&S ¥«{fcggc7)S 

jt^o^ii®*>^m4xstT:-{i. itfjacomico^ 
afc^&xt^^v-^/p^ra^Kcoisji^^tiit-c- 

1bh. BP*?. Bfi£<omi<?5ittfStc^Sxt^df^/>s6 
^fflS^coSJi^iST^^hJtxv^^^-r/Kft^fflS 

m5xg<33xt^^v-+^^{± s fra 

-ife (MBE)S. -fkmx^dr^-S (CBE) 

nmixi^*>— ^ (ALE)S. ^Bxt:^ 
^•v— m (MLE) S^<0xt^^^-v^fiS:gfe<rj*<S5 

[0019] *%WcOJS 1 co^Sfclb-V^Tj*-^ J: ^ 

-?t\ icoxe^df^^/^^fflsgcoicssx^T' 

Sffi<0^Pfi^S»±fiie6rfiS$^4. Miff. SSffiSSS 
ttT. t**g36J:i)«,2l«£vUX105 cm" 2 g 
S<OG a Nmfk^fe^#*fefiSIK* - 1 

[0020] *^com2eO#f8te«S^f*ilSbi? 
Jt^rffifCkiitf. C£3|5gt«coj:?fc. *r7-r<iTWm 

io^tma^^^i^&.-cim<. ®ifc®Sicox 
Sfft (SPftt««ss) coxe^dfi/^/mscosfflfcii 

[0021] *%WcoS2co#afc«4¥«fttSISf±. 
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&hy>iSA? (HEMT) s ^ayh^V-hmm^ 
WkhJyitJs? (MESFET) , 

mm^mnmmh^^j^ <misfet> . ^ 
Tvizsjux-^h^yisx* <hbt) , .mmg 
vvvvx? (sit) mom«<o^ftmmzmfffl 

izi&kth. 35C. xtf**i/*/l^4)OTfc:e»a 

[ 0 0 2 2 ] . MUM 1 ^WBfc«*xe^* 
*M*»^te;fcvve % JJE0>»4lHtt. SftiS 

X^f-y^teiD, I nt*ttGaN»ft^**W*» 

Mz£o&2&G*N^itiirwmimmmm. i 

-t&Z.bimifcC&2>. Zntcbb. &£31gfcfevvtx 
tr**^r/Wfc*rS*2 O G a N*fc£«^«eJti*g 
mmt. I n»MGaNM«VNHI«tlim 

"C** ^ 2 ^ G a N*fl:£«i¥35fl5* 
SnlHUte* ^?ttJUM*6* SUlXyf^Tfr 

Mil*. ®2(7)Ga 
NM^HWfiii*, A 1 GaNVOA 1 ft 

[0 0 2 3] tfW*. ^20GaN^fc^#^ 
JBUWlfc, MCI n£*tfGaN*fc^¥»flc» 

**w«w«-&««x V f-^ox v^y^aaj: o 

«**t&AfUg& xf * * *s*Mttikt Z3M 

«H«rXyf-v^S*^av«30GaNaWfc 

x^*>^#^fc:fr**£T**. PUfcf, SH30G 
aN*{fc^«*»##tt^Kt, A 1 GaNf^A 1 
$:#OG a N^b^W^Mefiiimtf , ^ffl 
x .y £ £ ox ? f-y^WUfct** < t £> <T k 
jfi^TIBteirS. SSfc. AlGaNf^A l£#trGaN 



[0024] Sic, #$89§oSBl tfO^Cfltextr** 

mmknmxmiiz&^x, miiMtzmwtfvv 
#*uv ^ynrAjKHfcLr^Moxr^tt, warn 

^TMGOffik MJX*7k#y^ (TEG)W« 

Ga-HC l -NH 3 W(tf5»fl:ft (?a?4 F) BBSS 
ffi««ffi^fl^rtSTft&. ftftttfctt. JfiJBUE2*t 
m/h8KtfDMOCVD»r»lxa*ffVV RftftK 
1 0//m/h7b^6 0/im/h^c7)^WNoyy|& 

Jtimav^JBUtC. ^10GaNM^3 
^flc*te^SJ^)xe^^^^;U^$:^TVv *cr>±_ 
'tMxt^^ytWL^ 2WaN 
VftWS A9RR timt *> ufc(cj;ot, 3 

3 0;um7b£5 0 0/*in&*. L< 123 0/zm7bM 

3 o o jLemasoEfra^ffs^ srosflMsm*?* 

ni^-k. ftffWSA^^ttSr^U^xe^^;!/ 

ti„ xe^*^HS*ffl*R<0l|CSSr5 0juinJ!iS2 
OOiumSKfc-WltfftV^ xtT^af^^**«»(E 

ojps 3 o umomt. tmmmm&tmizKchi$& 

ZZfrb-CbZ. xlf^^;U*RHIW«5 6o/* 

0 0/<innK(rttitfj|v\ 
[0025] 

nacogjt^aft^ i Rvm 3 onsg^^i: ltr« 
-th. aT<m®<$Emtz&K*x* m—xitmwtsto 

^ojt^ij^no i,a)t \±m% zzt iz%&fK$ v 
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WOS2H. flffit-*WW«£BteSh*t<OWi* 

[0 0 2 6] mwrnm- mocvdssd hi a* 

ftHMB* • m o c v Dgg(i s ttMMKSMRiftA fc m 

o c v Dmcm^imm^mo^A^mTh 

[ 0 0 2 7 ] H 1 J: 5 fc, *9WloWI^& • 
MOCVDmo^eRKI6SH2 lkrti. -#<077 

5/5>**LT, NH 3 #;*&A^22. HCltoiX 

*A3ivC^*. i^7r-fhBWW2 6fc 
tt. aWMHwVP^IftWKfc L/CWT7 r 4 T&«t3 
01#*§!&3;ftS. Kfc: ^«Rt68»2 1lc«i. » 
««2 5*»«S*u W*»Hm*l«K:*«?r^ 

7\ ^^z^^^^^yr, EME3K>7^<OJtffiiJf 

^2 iojgo(ci3®Ef^h-^2 7^ssfirv^ 

2Ga+2HCl = 2GaC 

C 1 #*#N K 3 #XtmZs V±7*2 6 0>±tzm& 
*lfc-9-7T-fTaHE3 0 1^aHfcft»3*LT. GaN 

Xm^ftfUNMffi * MOCVDWBi. xrxt««3»i 
*«IJ:fcJ:0, R-c?^B^^I35§S2 lOrtSP-C, 
fl3fWSB£S!fflj£« k MO C V Dtte0W*^«fB««3Wi 

»w:»T"riirea*. 

[0 0 2 9] (MOCVDgS)@2<i. 
MMftWUMHdllv** M o c v d ^®^Sa&«jt^ 

3 3#, ^3aS!»6S»+fc:»AS*iTV^. ClO^ 
7r^f hJB^1hfe7**3 3tCli. tt*f**«lB«0Ga 

ti«HiMftt-^3-2*TOr»*iTv^. ^^itnttR 

<Wnfl»h— * 3 2 5 0 0 K H z JbM5 M H z 



-*27teJ:^Til!B»3*Uu SHT. ^-fe7*26<0 
iBH«iWlfct7r-( T£&3 0 1 \* % &m&&t 

2 2*feNH 3 HC 1 #xmKg2 3fr$>HC 

frfcli* TMG, hU^f/Wvm (GLTfcavvC 
rTMIj ) , hU>*^r^5-^A (KIT 

TTMAj fcHW&> fOMO^, H* (N 2 K * 

*.(H 2 ) WW, ^£«i$Lfcv*7n-r?:xh 

SW/i/^W (S i H 4 ) s 

ift.*O3erxi«W«2 5J:0J»B8ii6. HIT 
li. W«X*21i±14^«tiTV^^ tfxvfflgL 
fc»J6S*T* MO#mt2 1 fcRBTijMtfc 

[00283 Hi fc^t1Sft%»3& - MOC VDggtC 
fcWt. MOCVDjg^atett. NH 3 #X*A«2 
2*4>aNH 3 ^S«S»U HBMC#**Alf2 4*» 

*• 4UUM^BMBJ»^«^^ NH 3 #X 
*A*2 2HNH 3 t»AU HC1^JH»2 3 
KHC } SA$iX*HC 

««uy»J*A2 9fcS6U 
L+H 2 ( 1 ) 

mmztih. ^-fer^3 3(o±tmfl«i3Wi 

£GaNxe*3f^*/i^K4 OIL. BrJgtoSSfcJn 

mtlh. Jtf*»A*3 1*£tt. TMG, TMLT 
MA§OMO#X, NH 3 W. HC 1 , RX/S i 
H 4 . Cp 2 M gfO K- t^m«W Wfl, 0 

*«2 5«fcO»SBSii&. H2"C«±. W«A«2 Hi 

[00 30] (xe^#^A««ffiHR<Ott&tt) 

ftfH=J:oTeiT^i:o^^»®£W^hk 
( a ) Jg«j^^tt, «HM»tMiAA 

1 r rmm 3 0 1 ±tc^v^G a N^t^* 

■^6-9-7 T4TW8L3 0 1 WXDas-f. 
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[oo3i] (b) mite7jki-£o%Mim®& 

• MOCVDMItfflVV G a N#fc-^¥3«smi&ift 
««tMOCVDj9Rt7r-f 7tt3 0 l±fcxe 
*#W;W«*SHirt:tH^ (5l-^SSRJSS^2 1 + 

X, -BWI^ - M0CVDK»fe*«ttB9 

3 o i tHUMw-j-*****. Jitt«a«a£ii3& 
7c*««*fr fett* & £ fc. ' WteiO 

1 0 /zm/hBLLO^cS^a^il^ ♦ 

[ 0 0 3 3] f l^xt^^yt/WJIWnil 

te*;£<i&s lt v i t jwiosoktc «fc o r aj 

&fc. 3<fc7Cfttt«S*^»tofe*&^«, Aft^O 
ftW4Lt\^«W»^. X. 3ttTCftttA«ft>6 

*Wz**V*. «->T. JftJHDltlfc:3% 
7C»^*&^Lfc*&J:. 3^M&ftJE-*SB:» 

iC, AlGaNfOA l ^t/GaNM 
C 0 0 3 4 ] HK^ft-eftOG a N3Sft^Bl¥*<*«e 

**»v«S?U\ Hi 3l:^^J:pt:, I nGaN 
&WSFF#F UST&SWX r MQWj fcn-J. ) flfit 



#4fci:vt* (H+«!ti:*LfcaB»«H. ) . 

[0036] JilTfc. »iO*^ffiW*V^G aNxt* 
*5/*;W«*ffl*ttL AlGaN/GaNxW*^t 
^«*fflaS. 2fctfA 1 GaNX^^tA**fflS 
««> 3 «<3*ttteo Wt . *0M3Btt*&Wl£mi 

8c*. B3XtXH4fc»vcKHj»-*. 
[00 37] H)K«Hi(Wl:t-W; 

HSI5 0. 8mmcocH'9-7T«YTaffl[3 0 1*ffl»r 
4. C<0c®^7r^rSS3 0 1$\ 8t»-T*. ft» 
^^t7r^frS13 0 1^ HlfcjiW1gfl*l&& 

iSi^)S^2 1^, ttft*2 5t*LTXS^ 

cn 2 ) -craw-*. *<m. umaAt#xm7sX2 

4*^»B«B2 1rtfc:flaftL«r^. t?"fcT*2 6£ 
7fci->tBBUWl 0 0 OWjr 
*J:?£;!)n!fc-t&. HC l*KA*2 3*»6KNc 

^'J^A(Ga) 29t:HC1^^0. l'JvhV 
iHUKftfc'*-**:. ftWttGaNX^^WA** 

[00 38] (O) IfrflUIlJif (-f^2:a®C0^ 

<k> : hc i xrx&jt^ttic8ja3ijRt--^2 7<oa 
-p. 8v^#A»A«2 5^4>** <h 2 ) tmmcom 
n 3 #Am\<g24frt>m&-fh*m 

ifX t »^<08U«if*L-WL 1 U -y h/U/». 0 . 
5 'J -y h/U/i)-. N H 3 J#X^V£2 2HNH 9 tiX 
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COO 3 93 0\) ^<^. GaN<£aS 

X. mnitZtolX. TMG^^3. 7X10-5^ 

jbk znsmto . i u * h^/^t ztitt 

*)s 03 (a)(C3RrrJ:5(C. c®^7r-fT^30 
lOSlSk:. !IE5 0nmOGaNtt«Jft*13 0 2# 
»«*iX&. TMGtHC 1 ^tt&*ifctf>T, Bt«B* 
£±#$-£T*?*fer? 2 6<Z)i&ga<m* 1 0 0 OV&X 
±Ml>*:^ #X»A*2 4*^TMGS1. 4X10 

k»te«8ftLT. MOCVDttt»l«mofl»M- 

-IJtfcJ;^ 133 (a) (^ti^:, GaNflS 
AAJI3 0 24>±<C. If2iumOGaNXW^ 

;K«i3 0 3tJ«r«. 
[0040] (-) *2X«:fcfcja*£7 oo*ca 
"CT*f. #ZmX*g24frt>. BtfTMGjtf*fcl. 4 
xlO-s ^/aoWrKOT* k*fc. TM I £ 
2 . 7X10-5 *n//#0854*C«»^. fi»(CH 
C 1 £ 0 . 1'J7 M>/ittttttU NH 3 #zmM* 
22frt>tiH 3 #Ai^ 8SS0. 9 5 »; ? Wk/aTtt 
&U 6 0a»H*U S3 (a) 4 Ga 

NXK^^i/t^)8«i3 0 3O±^ MOCVDfe 
t\ I nGaNxt^+;Wt»l304tO'. 2*c 

[0041] (*) 1311:^ TMMM 
G. HCl^^ NH 3 l4aL^*4W-fer 

#a**iooox:*T±#s**. *-tr^a«*9f 

jgLT*fc. HCl^SHCl^«ft«2 3HS 
AU"SWMf , J^2 9i:KJS«-li:TGaC 1 fcLTtft 
«t&:i:t,»5 0^m/h^«HKr, GaNX 

w*s/t;wtfii3 o sit&m&msmei&th. 

S3 (b) ^i"J;3^. I nGaNXtf* 
*^*/WSWI3(>44>J:fc:. W8 0iumOGaNi 
Wy t ,^3 0 5^ tM^iSSffljSSKi 

*2 4^tttTl. 6^m/h^ISrC, GaN 
Xt^^Ajt*i3 0 6t, MOCVDjfctra*S 
«• COWL 03 (b) icSr^Jtifc &J?0. 5 
jLtmOGaNxe*a?$/ir>HR*li3 0 6*^ GaNX 
W*S/ir/H«J13 0 5<0±£mmizji&+ h. 
[0042] W4ia:*LT. IHsr^aK 

SS2 lrtfc, #A&X<g2 5*6***ttXU #X 
x^y^*^** ■lO^XXyf-y?^ InGaN 



t*&tf>T\ 04 (a)«C^TJ:5(C, InGaNX^ 
*S/^/U**l3 0 4«Wd*LT^ H • X 7 f^ 
iWtff+S, :oinGaNXt^^;HS*i3 0 
4^Xyfy/ll InGaNxe^W;l** 
)!3 0 4#^«l»+*4-rtf3fflB4*l<, **a 

T*f£fc. «a»t:J:D. H4 (e) fc^T J; -5 fc:. G 
aNXtr^*5/Y;WS*B3 0 5fttXGaNxe^5/ 
3 0 63&»^3Sr&aW»k. GaNxW^ 
-¥A*jftJUI 3 0 3 Jt 0 W7 r 4 T^K3 0 1 ±T<0 

* Vir;HSWi 3 0 5 &VG a NxtT* * is*MKKM 

3 0 6K«r&WI#^ GaNXt^^fyf«| 

4 0 1 t LX&t>tih. 

[004 3] ±EOJ:3*. *^GaNx^i/ 
ir/WftJlRM^nnttlCJlillf. MQCVDSrCft 
«W«V^S5aLKrGaN*Sa»K3 0 3 £xt?** 
^/HS*8*fcttfc. InGaN« B W3 04O 

xe**^*n«Wfcm\ *<o±fci«rrGaN*is 

0 5 *xtf**^*/H&fti;TV Ga 
NUi&flff ffi{3 0 5tt. -m&*h.X Lt 

WG aNxe^a?^;l^«ffl^KcoSJt*ft^J:<t 
tf. am^^^n^-^ffeM^G 
aNxt^*5/+;«84 0 1 tfffi*tdHB&ffi*&. 
[00443 &J£MZ£ 0 . IWiCGaNxe^ 
^r^^«««3 0 5&VGaNxe^4f5<^;>a»JI 
3 0 6**6&&WIttfc. GaNxe**5^/Hftftl 
3 0 3 <fc 9 T«01f7 r -f T££ 3 0 1 * r ^JlftKIO 
GaNxKm^«HR4 0 UWfc 
tf>£. EV^7r^T«R3 0 l«:Bf*r««Wt>* 
t*. tr7r-f7»K3 0lUU %-*K3.9Ta*<0 

«3 0 1£SMLT. GaNXt^dfy^^^ 
^rfiSOtCjtLT. IM:mnt% GaNxWx 
«v;U^4 0 1 ^ffittWSV^ 
[004 53 AlGaN/GaNxe^x^ 

tiwsaia. ^lxmatx m2x^*TJi. 

^GaNx^^ri/^/l^gfflS«i7^!5tJ1£k^<H 

[0046] (>f) ^3Xg:ID^. (a) (c* 
-TJ:3fc. S2XSfc:fcV^T. GaNxK^t/P 
^g®303^±tC. InGaNxt^^^tMIi 
3 0 4 $:fiS#$-W:a. TMKTMG, HC1 tf>&& 
$rjh46. NH 3 «±aLfc**T^H:7 , ^«att*10 00 
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i#^hc i^rxttiMf2 3^few^u »##y* 

A29fcRj35^TGaC 1 fc LTtttfrt&£ fc V) 
5 0jLEm/hO«*iaflE-Cs GaNxe^^t/Kcfi 
JI305£j&g-T*. 05 (b) CRtJtd 

I nGaNxt:^i/<v;^fil304«0il:, B8 
JJ80/xmOGa NX tr*#5x*;HftftJi 3 0 5 
0. 3>x^0. 0 5 

jaT^XHTO»«Xy*y^ft^ft* I nGa'NXt 
**5/*A4&WB 3 0 4 ktf>x vf^BStttaH-fl* 
*<fc*U L*»fc. ^d^C3BH***^£*Mn 
S<tt***VC&*. £0>ttIIL 125 (b) fcw-i-Jt 
3(3. Kffl O/xm^Al GaNxe**$/<WMBJMI 
316#, GaNxe^aeW;>«*JB3 0 5O±fc31 

[00473 (o) »4IB: *Lr. iHtr^iUE 
£7 0 0°C£TTtf\ 3«t:fc^t, ^B»0Rf6 
»H2 1rtte, ^»A*2 5*»fe*»*»AU. mffl 
Xvf-y^ftff3 # Z0>#Ax.v+y?\± % InGaN 
X.Vf*>«rJUf&&M 3 04Wfc£S«ttfc:Xy*>'?' 
"T&OT. 06 (c) CC^rf ct^tC. InGaNiW 

*th. \ n G a Nxe^ ^ y t/«H3 0 4 
XXyf^il InGaNxm^/H8*i30 

K-Xnf^y^3^Lfc8HirCjh«>TAV^ ^lt, 
K . x*y^v^*S5i^L^g[ji«c^^^-eTif & 
fc, SHI^iCkOs 06 (d) fcjj**J:ifc % GaNX 
e?*S"*Jl4ftM3 0 5&T/A IGaNx^^ 
A««B31 6*»fesS:48Wf*k. GaNXt^y^ 
/Mft*i 30 3 J: 9TW7 r 4 r^ffi 3 01 £T<0® 
JBtttcMSW"*. £*W«X»C.fc »K GaNxtT.?* 
^*A*MBi3 0 5atfAl GaNx^#^t;M« 
i§3 1 6^&*&«JItic#, A 1 GaN/GaNxt^ 
*$"*/W«fB*« (filTfcittvC r A 1 GaN/Ga 
NXt^^f^/l^Rj fcV*9. ) 4.1 lfcLT*»Mt 

[0048] ±iao«fc 3 5r> *«5fc> A 1 GaN/Ga 
Nxe^#^^*««6K^BK«fifc:J:ftHf. MO 
C V DSrCittftttSV vSXtUKTG a N JftfeflfSffi 3 0 
3txe^#2/t/«««fe«C, InGaNfgfi 
8BR3 0 4<0xK^af^/UBS**m\ *o±fcSO[ 
•CGaN*B^JK3 0 5txW*S/-ir;l«*Lrv^ 
£<0T. GaNJMMHHl3 0 5li. -S^^SfLTL 

«KStLft5yi»<0taMNrt^)*SS* f . AlGaNxe 
**S/-WW&5»3 1 6c^e**>-*/Mfcg£fT3<r 
fc£J:9. A 1 £*a^GaNxe?*^-wMfcSJS 



liStft&KfeU ^«Mr24^6TMAfc«fetfc 
a^HCl^S-ft^^ik-Cs mOyum/hOS 
^aST. A 1 GaNX^*^t/Wtfil3 1 6£j£ 
ft**&. ^^T. A 1 x Ga, - x NxmW^' 
J&KE3 1 6<0Al*)*BftxW:. 

(2) 

3 0 6 <0»£fcJtU *frC/hS < £: 9 . SEfcUMBWrt 1 
tmtfftt>tl& . 0± 0 . 1 G a N/G a N 

xe^^^^;UjSJlffl36K<Oi8t*aSfcJ:*itf. t&ffco 

S£tt:M*<s *H*7*QS^— OSHtfc A 1 GaN/ 
GaNxtr**^*;l*K4 1 lsWS^ISIil, SW*J:< 

[00493 X. &JJI#A lGaNXW^t/« 
HJf 3 1 .*4ia^JM8Xvf-V^flpfc 
'fcvvt. A 1 GaNxe^i/fA«*i3 1 6<0Xy 
^y^3«ffiWtr&I nGaNxe^i/t;««|3 
0 4^x.yf->^ajKT^H*<t* rxvf-y^TBJR 

itj ft24oo«a*o*6*«(c-r*ik3!K t ai*ft 

(Al«x = 0. 1<D»£) . — 04(d)O 
#&<9. fLUl**. GaNXt^*^/t/J&g/f3 0 6 
InGaNxem^^i3 0 4OT 
yf-V^&^GaNxtf^s^pjfcRjf 3 0 6 COX 

•y^y^11K(=«t&Xy^>'^jffiWtti4 OfiffiUtC 

*>k a««^«axy^>'^*<BpaE^3h.50'c. 
a^$r»<fi>c:k*^rigr*>&. zntzfr. *<m&> 

9 ; NMfcGa NX?**S/*A'jfeJtJl3 Q 5 AtM 1 
GaNxe^^^MfiS3 1 6^«r*SW*k. 
G aNxe^^i/t;HSfti 3 0 3 J; 9T<W7 r -f 7 
m&3 0 1 tW^fMcWIWN&flrC, A 1 GaN/ 
GaNxe^^r^Sfi4 1 1 £»*fctf>lC, BVvfl- 

7r>fr£«3 01*flF£**^*>*§v^ fiP^. -9-7 
T-fTS«30 1MIMl/CH A 1 GaN/GaNXt 

T\ A lGaN/GaNX^^;l^g4 1 laWS 

[0050] 1&3A 1 GaN/G aNxt^W^ 
Jft&B&att* GaNxe^*5/ir/«»i3 0 5O± 

A l GaNX^4f^Ml31 6 0MflBt 
TS>o7t» GaNxe^i/^/P««W3 0-5<?«f» 

AlGaNxe^*^^«««fcLTtAV\ SO 

xtf^*^ir/W(E*B*ek ur«w«*t*»»o 
^S*^ A I GaNX^^^^;^^irft^^t 
ov^T. H7*fflV^tBHW-*. ««BlIfi. mix 
S&l^ ^20^li. «WGaNxW*^t/W* 



[00 5 1] M) *3M:fS2natGaNXt 
7W«*«3 0 4fcjj«fiL TMI, TMG..HC 1 <Q« 

jKftioooxJirJ^S^. v±r*&&im&l> 

y^2 9kRJE$i*TGaC 1 fc LTfl8W**i 
•Cs »2 0jLim/htf)«HKt, AlGaNX^ 
S^A-f&g/f 3 1 SSrlft*^. InGaN 

#X*ttlW*£fc-C. »10/im/hOR«MEr. 
AlGaNX^^tWtftl3 1 6*Jft«S*&* 
w^m. BSJ51 0/xm<^A 1 GaNxe?*S/-y;H8 
113 1 A 1 GaNxe^*/t/«Il3 1 5 

Al x G ai - x Nxe^*W^«ftl3 1 6*>A1 
*D»ftxtt. ±K ( 2 ) 5J^3Ji4e»SJBfca55&*- 

[0052] <n) m4xn:*Lx. *r±zr?m$L 

£7 0 0*C2TTtf . £*»*tefcVvc % ^&^g0^5 

X^>^tff3. £^><rxxy^V^« % InGaN 
Xt^ s^WSWB 3 0 4 jWWMcx y * 5^ 
tl»<7)t, 07 (a) tZ7Frt*5\C. InGaNX^ 
*i'*)U&L&mn*£tfl,XW H • x-srf-v^tfiBfT 
nGaNX^Jfy^«fif304^ 
XXyfy/ii InGaNxm^MSiSO 
4*^«Bjfe^*Ttf3«B«6<. fc*8«21Nf 
|e-x»y^y^AqiffbfcBHrrjl*TAV>. *LT. 
*M K -x^f-y^3WIMfLfcM#*^*TT«f4& 
k. Sfcg^CCfcD. H7 (b) £*rtcfc3£. Al Ga 
NXtr^^5/+;Hji«n3 1 5&V-A 1 GaNxt^^ 
2x«v^til*JB3 1 6fr$>%&Wa#t. GaNxt^^ 
i"r)V1&&m 3 0 3 J: 9TWf7 r -f T*&3 0 1 t? 

nmmmzm&th. z<mmxmizj: o x a 1 g aN 

xe**W;Wdt*JB3 1 5&tfA 1 GaNXt^^y 
ir/H£««3 1 6*6&«SJMfc*s. AlGaNxt^ 
*^^;PA*ffl»K UaTfcfcwc rAiGaNx^ 

[0 0 5 3] ±IB<0«fc "5=5:. *^AlGaNX^ 
*^^/U«*ffl«R^Bt*ftfcJ:*Ur. MOCVD& 
TitlSWSV^SaK <J^tti2jiro/'hBK) r 
GaNWB!3 0 3 fcxe**^*/WK«'Stf fctt 
fc. I nGaN*»^B304OX^*^MS 
M?K ^ifcSSTCA 1 GaN*ttAlHR3 1 5£ 
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Xt:**S/*/l/j£fil/O>S<0T\ AlGaNJMftBff 
■31 514, -«W*8*LTL4-»teaM^«)aX, 

lGaNX^^;^a83 15, 3 16*>xe? 

Al**4«rV^GaN 
X^^«I13 0 5, 3 0 6*>«£fcifcU 6* 

9. *»»0A 1 GaNX^drytMIM^i} 

-OffiiXrtrA 1 GaNxe$^$/*/l/aHR4 2 1*W# 

[0054] JBfc, »5*fcJ:9. SfCAlGaNX 
t?**$^/H£,gJB3 1 5&tfA 1 GaNX^^t 
/WS»B3 16*>fe<:&WB#fcs GaNXt^yf 
/WftfiJi3 0 3 «fc DW7 T 4 TMM3 0 1 4TO« 
Jf«CfW§t^££>t\ AlGaNX^dfyt;^4 

2i*»*fc*ic, sv^r>frss3oi^at 

. **te«B*H"C\ AlGaNxe^ 
*;ldW4 2l*q»Mi**rc\ Wc. 
A l GaNxtr^5/^wPJ&»13 1 5&tf 3.1 6£ffi 
tvo*&<0t\ *4ISO»«X7f-y^lCJJl^, 
AlGaNxe,**^*;l^*JB3 15, 3UOXy 
f^/MCMt^ I nGaNX****,*/Mj«H3 
0 4OX7^v^SW"C^SS*i4 rxyfy^H? 
it j #2 4 0 0m8^^&^te^*£fc#aj**O 
"T\ +*4SaflX.y^V^J:0. @7(a) 

[0055] (minmm<mm:*mftu-i c <m& 

3f&) £0±3KLT#£itfcGaNxe?*x 

«wi<*«4 o l tfflv^*^^»i"o|Bfc<o«!Bfc:« 

[0056] *XBi«fll l <39ltto«tt£fli*¥ 

(Wz-fli. 09 (d) fcjft-rjrdlc, GaNxt** 
yt/l^K4 0 1OltC, nlGaNX^^fyt/HS 
^14 0 2. nlAlGaNxt^^*fil4 0 
3. nlGaNXt^^WWaM404, MQW}£ 
ttJl4 0 5. piAlGaNxt^yt^*«4 0 
6, P lGaNX^^^/l**i4 0 7, P^A 1 
GaNX***x<wM&gJl4 0 8, plGaNX^ 
*&"TJUftM4 0 9. a!GaNXt;^i/fMfi 
JB4 10. plGaNxW5/t^ttl5U P® 
GaNxe^^Wrt»B5 2*, £0MBC*«Lfc 
»BS^3S8li:LT^^. 09 (d) k^rTJ:^ nl 
GaNxe^*^;Ha«B4 1 O^IClt. plGa 
Nxe^*x^rA«*Ji4 0 9fc:3*r*IH«A«»^ 
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*/Wfc*B4 1 Otf%gl7nv?mzm&LT^Z>. ft 

&$<0*t:<ftLX'g8Ltf3&l. MQW*£«1®4 0 5 fcfc 

M QW^ffil 4 0 5 ?7v FJI t tiMA 1 
GaNXt^^r^-r;^^f4 0 35.tXpS!A 1 GaN 

££9. **>J7£B!tC*yC^&. gxJIOpiiGa 
NXfc:**^;Uj£lM5 2kt i^ffi*WK<D:t-$ 

y- o aj tffls^jsffl^as nio a nx 

b'^^^^;>^ji4 0 2^V-K^fi&7 2*^ p^- 
^'/^S»tl>J;3(C^$^TV^. ^T, nlG 

[ 0 0 5 7 ] 09 ( d ) ^^**»^C0»1 0>mifo<VM 

^h^^^^Oai^x^^^^^/«^®(i. B 

[0058] (>f ) *"f. H2fc3jr*-J:d*MOCVD 
3 Ifrfc*** S*. WNH 3 fc« 
»L*^fe*«tt (RF) 4l«3-f ;l,3 2fcSl«*BBtt 
U 3 3tf)ifclV^GaNxt:^^5/tA* 

S4 0 1 fcbS&U thW*iIflE#l 1 5 O^Cfc&SJ; 

&Wt\ TMGfc**C*RLfcS i H 
4 Ott»«rB#U (S i ) ffidiKOniGaNxe 
^W;««4 0 2t, 08 (a) ursrfidc 
GaNXt^^xf/l^g4 0 10±t:iSf4^mtl£ 

^iJD^nlA I G a NXe**^*/M8*JB4 0 3 

nlGaNX^^rWMH4 0 2^±C. 
0. Sum&Kth. TMA(0tt»*ffibLT9l*«^ 
t niG aNxe^dfytM^l4 0 4 nlAl 
GaNxt^^ryt;«Ii4 0 3c7)B:, 0. ium 

jut*. 

[0 0 5 9] <D)*LT* TMG. SiH 4 Oft»t 

?imt&fet&±Tfto. -*±r*mmtf* so ox: 

fcKfcl/tfr*. TMGfcTMIfcftttU to 13m 
^OMM LfcTM G t TM I 4 y &m V >T 4 *<T<7) 

I nGaNM^fF (QW) SSteJl (£TF 

fc&WC TMQW^tMj fcV*3. ) 4 0 5$:. @8 

(a) i 3 iZimtl • MQW«f4@4 0 5te. 



InGaNxe^y^Kl, ft3H£fiJ§£ UT I 
n«tt3%rff$7nmOI nGaNXt**$/*/Hfc 

[00 60] (A) TMIfcTMGOft»t#jhLT*» 

4. -fr-tr^a** 1 1 5 oxifcK-r. iHrr^SLKtf 

1150X:«tttLT*»^ TMG. TMAWCp 2 
MgSft»LT, ^*$<"5rA (Mg) RftkOpgAl 

0 5^±te, 0. 0 4^mj8««.ft^TMAfc 
«9s pfflGaNxe**5/*/ltffc*«4 0 7£. pI 
A I GaNX^4f^A**i4 0 , 6tf5±t, 0. 1 
jumfifcftStf*. H*TMAi-5iln«lftUTpaA 1 G 
aNxe^S'<wWK.RJl4 0 8£\ pfGaNxbf^ 
*^A*«l4 0 7^±ICO. 8//mft*S*-& # « 

M^pIG aNxe^af^^f 4 09^, P IA 

1 GaNxe^^i/t;I*I14 0 ljumjifc 

fc**"C«RLfcS i H 4 ^ftteUnlOTaN 
X^#yt;^if4 10^, plGaNX^^ 
+A'J«*E4 0 9tf>±(C, 0. ljLtm**t"S. 
[006 1 ] (X) **5H, TMGfcSiH 4 ^tO#t 

4. 1T-fer^^JK^3 5 0UtT^^hC^ N 
HsOftttfcfKib"*-*. UlhOAdtebT. H8 (a) 

fc* B^*«»L/S^U3y|«|« (Si0 2 B) 
t^f-b57>P3j-n>^y (CF 4 ) 

xfeffl^EiStt^yxyfy^ (rie) tCcfcO. 

S i 0 2 ffi?:/^^xy/t x nM^)GaNxtr^^x 

x)v&&mi 1 o<ox7fy/^;^n. -e 

L/C, 3^X7fy/ffl7X^ ( S i 0 2 ) 

tvt. witf, (c 1 2 ) * s cwc=sfl:«BK 
( bc 1 3 ) Mnifc^ftxyf-y^flxr^t lt 
fflvtfsRIEfcJi'K 5t«x^^^A«IHIfeXy 
f-y^i"*. CicORIEii:, nlGaNXt^i/^/U 
j£gB4 10£S»U plGaNxe^dfi/tMI 
®4 0 9te." 08(b) tejcfj: 35rO!iaWBfiS:Sii€, 

[00 62] (*>EHBPrtfcfflv^Si0 2 ^^ 
MT^x^A (NH 4 F)*»!i^Si 

xe^^5/ir^JiEIW*«B8*utGaNxe^^S/^ 
/«401^, B2tC^TMOCVD^S^*tc:^A 
CCOfc^t. NH 3 feaLfc**T»HattlS»3 
>f;P3 2*cJ:^2ii^«:^&LT. HSO^TSSL^ 
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aNxt^^AHtfiUS 1 ffiLwfl 
P^GaNxt?^>*WHS;JlJi5 lte^Cp 2 M 

4 0 9*W«:Hlfc*fcU lMmO*il*cJ:9. ftHS 
-?*:IHlSS:gtf>&. ;OplGaNxW*5/iriHtfi 
H5 1 <3±fc. H8 ( b ) fc^J; 5 fc„ We; C p 2 

Mt*JI52*ttJ(8*«. TMGOft»t# 

&KfeGaNxe?:*W;l'ftK4 0 1£. MOCVD 
NKft>6KQUU Mi:«plGaNxe^^y 
■WWMW 5 2 ttSBtttt * WH^tf 3fc¥K««TI¥» 

li. pSGaNxe^i/^;P«SB5 2tO«iafc«v 

fc. aaxe^^^^BSSB^*«$tLfeGaNxt; 

£^®SEMfUfcteJ:9. PlGaNi^^ 
jft^5 2*)**ffi*^ nlGaNxt^^yt/l* 

[0 0 6 33 <^(w. ^xe^ytM^l^) 

i0 2 K61^ CVD&dHW*. -f-LTs 7*h 

yy^57-f»avRiEtiJ:D. sio 2 «6ife^ 

^-x>/L, i9 (c) ffixt^df 

JC, BfffiSEMS^^OlSiSt^pSGaNxe^^ 
is+M&MN 5 2HnlGaNX^^yt/«Si 
40 2*Ttf>W3£«cLT. Xry-HWBROffiLffl 

*0X*y*V^^«fe5&*-*. Si0 2 H~7X?61 
Iffll^RIE^ot, 139 <c) £*rfj:3&, n 
fiGaNxe**^-wHSAJB4 0 2&Slftth*'VM 
h. CttR I Eli. Witf. Cl 2 ^ dfrKBC 1 3 

[0 0 64] (hJW^xyf^ffl^eUL 
XCOS i 0 2 H6 lHBUfc**. 4BtnlGaNx 

e^£/^>HftJM4 0 2lcjktt^y--PW7 2ffl 

Z&SmmtLZ+fy (Ti)^20nm^(A 
u)HOOam5:, A^l(a9K*i^;vty*^ 
£*JBvvaiSH-*. Si0 2 K6lSr. NH 

4 f*sj8^os i o 2 x y f^^ror****. ^ 

ttJIL 09 (d) fcij**-j:*fc: % vvbU>*»J7h^7X 

stio. *y-HmBR9»ufflaw>ittK)*fc. s 

#W(C*y-K«fi7 2^^-^y^SfL4&. niG 



a NxtT*3ri'"Wl'jfrgJf 4 0 2^ V— Hm«S7 2 
O&HWBfcl/tli* Ti % AuOfifc, AUlnO 

sav^iTi^AuSr^fc5Ba«Bi^>-&&t>«rfg 

T&S. 0r^SiO 2 ^CVD&Titmt 
*. *Ut. 7^h»JV/77^^CF 4 ^X.y 

f-ys/fflXfxSfflv^RiEteJ:>). cicoff^sio 

2 I*A7-X^l, pfiGaNXtf^^i/^fifc* 

ji 5 2 o±awsa«- £ J: o miKc S i O 2 Rc*>- 

VtORQSfriBjftf- £. *LT. plGaNxmi^ 
*;Wrt*i52d*W-*7V--F«B7 IMO&H&Bt 
£LT. Xy^;KNi) £20 nm. Au£4 0 0n 

m s *^«sw»xyt v ^a ? 5 f if^v^T*aw-&. p 
iffl<o^R««fcLrii, Ni/Auo»»»5£<oft 

rtJW* (Pd) , Ti. fi& (Pt ) , I 

«Ji. *vMiNi^Aut«^fc««Mt. 

iixlf, paGaNxe^*y"v;U«*JB5 201I»0 

-«U>*fc:, B9 (d) tesw-jsic. tv-k«7 

la&W-xy^Sft*. r<0«8 0 0lC-C5jHB. S 
L<li7OOT;r2 04HraWL 
^•5ifcT*y-HiEffi7 2. 

[006 53 CLb^J: dafi^^^mt^lB^ft^^ 
^«^S^iSS^CJ:i5»^n^^*P-irii. 7 
0X;^f4Offl££SljteL*:i:<r^ 5mW<0«*MS 

8»6Lfc* »t«L«TO^23 0tC*o 
fctf*. 5 0 0 0HfflO*>£wLfc*fli2 1 2 St* 

[0066]-*. *^C7)^MC0^(3^$^«^ 

a^s*ft&fflv^tv^Tf^«L7t*»*^-irii 

»Bt«»t&*fli3 0ffl«ltT*r>fc. X. *<0I»5 

v. 2 0mA"casa(crjasBHBLTv^^ 5000 
[00673 u^j: 5 ttm}nmfe<mm&m2>*m 

^SW^±^^:& «! Z t itfrfrh. Etc, 

f4S4 0 5#aoBffi$rSEMa^^|ligt^ 
^7t^7 ««SiUfci^«J4H«.fe*^o 
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[0068] 3rtc. AlGaN/GaNx^^t/l^ 

m,A 1 1 &j8i*te«wjajB i ms&mmo^m 
miw$mm) tz&z*mm£w (&&m&i>- 
m <o&&m&®mt&. 010(b) &ikt*mi 

1 wSmwmvm 1 o9^fcfti*&4«*U 
-ifli. JKfcKQU:HI8 (a) -09 (d) fcRgft 

[0069] H j H2C?3rrMOCVD«a<3) 

fiStS. <*Wt\ TMGfcSiH 4 <Ott»fclltt&U 
S i »<Z)nIJG aNxtr;P*r>-wl/j££JS4 0 21:. 
AlGaN/GaNxe;^yt«4 1 1 *Xb(CjR 

S i»<7)nMA 1 GaNXtT^^-WW^^ 0 3 
£ N naGaNxe^^r^;^tf;»i4 0 2<?)Jifc** 
TMAO«»^ff±LTgr6«^TnaGaNX 
fc**^/l**»4 0 4£. nlA 1 GaNxtf^ 
>"*Jl>$Mm4 0 3<?>±lZf&&th. ZLT. TMG % 
SiH 4 <0tt»8r#jtLfe«. lMrr*j|jBBfr8 0 0X2 

a*#. 8 0 0X:ic38gLT^. TMGfcTMIfeflt 
*&U fed iaa»Toffl«U3tTMGtTMI07-f ^ 
^rWOI nGaNcOMQW^fiM4 0 5$rtt 
^T^o TMI kTMGOflt»t#jhLT*^. IT-feT* 
115 OXXzmt. V&f&BUfil 1 5 OX: 
fc38gl/Cj&^ TMG V TMAfttXCp 2 M«fttt» 
MgaaiDOpMAlGaNXtr^^^V^^ 
40 6 MQW«tt^4 0 5O±tl^$^. gjv^ 
TTMAfrfllO. pIGaNxm5/+;««l4 0 
7 Sr. pIAI GaNXtf**^ir/W«*a4 0 6<O± 
(C**3*S. ?**TMAfcSJnft»LTpSA 1 Ga 
NXt^«/ir^«*a40 8*. p^GaNxtT^^f 
^+Jt«^4 0 7^J:tefifc*3-fr*. fgWC s TMA 
Ofl»fc«it *?>2 1 M gSRSa^ p a NX tT* 
*v"Wl4£;6Ji4 0 9£. plAlGaNX^^ 
A***4 0 8*XLfc:rf«S-£*. -tott. Cp 2 Mg 
S*fc*#itr* fcB»fcS i H 4 LT al 

C0GaNXhT^df^7HSSH4 1 OS:. plGaNX 
e^^;Vj$^S4 0 9fiO±fe:«^t-4. *<0t&. T 
MGk S i H 4 #*0»mft*{M:U RFJlgfcrW ;U3 

2^o;im£^it'rs* -9-fer*aK**3 soxa-cr 

^fefcd^T. NH3^>ft»tff±f*.J2LhOj:3 
JCLT. ilO(a) (,z*?£o%g,®m£cr>mL*t 

[0070] (P)^il0(a)fc^tl8xe 
^s^HSiattifc* !2^£«f*U:s i o 2 R£ 



^)GaNXW*i/t/l*M4 1 0^x 7 fy^ffl7 

^^swiS-f*. ^x-yfy/ffl?^; (s 

i0 2 V*?> fcfflvvt. «i.tf. RIEfc:J:9. 3t« 

xe?*^;i^iii£xv^v^t-£. £<orie 

li. nHGaNxe**^A«*)B410fcjaiU 
PlGaNxWW;mWl4 0 9C, GOlKWMc 

mtevf&vA&MwmituzA i GaN/G 

aNXtr**5/<wl*IR4 1 1 Ill 2 fcjjrf M O C V 
4-CR-FJnJfi3-f ;V3 2fci*MRt|!BttLr. 1 1 5 

^r^iaSi i soxitu-jwc. tmg^c p v Mg£ 

ft»U plGaNxe^y^;H$S85 ltltt! 

fflluOplGaNXt^^r^MIlS 1* 
^OCp 2 MgKt 5feTOL^plGaNX^ 
*i<"rfl'1&fkS4 0 9C?)tifbmtm.b U ljum<0** 
fc«tO. ft"ra-*fcBP«fc««>*. uf)plGaNxt 
^*S/^;I/«*i5 1<0±fc:. Mfc, Cp 2 Mgfcftfc 
3 fg^fil::^ LfcpIGaNxm>"V /UftftR 5 
2 TMGOft»feff±Ls RF 

apjR3>r/i'3 2A^)aa«r#±"*"*. iMrr^ss^s 

£<I*>X\ *«x^^^^jft*a#JMIS*UfeAl 
GaN/GaNxtf;^i/t;l*E4 11^, MOCV 

StlfcA 1 GaN/GaNXtr**^*/WHR4 1 lO 

iORHSEM«Kt:J:9..pfiGaNxe^>'+/U 

*fia5 2^aasH* a ^. naGaNxw*^t/m 

^®4 0 2 *?4>HlfrflK*-* . 

[007 1] (y» *fc, asaxtr^^^yWtftao 
»±a^)pfflGaNxe^af^VyHR*a5 2±fe:. s 

i0 2 «6 1*JHW"S. Si0 2 l61^t 

^--y^i, aasxt:^df^^^a^v-H« 

MXOm L JgjS;^ & fc*>tf>x >y + yfmvx ? 6 

a 3L^plGaNxe^^y^^f52*^ nSG 
a Nxt^^i/^;l«*|4 0 2 ^roS$ tafifcU 

i~h. Si0 2 ffiVX^6 l^fflV^RIECiot, 
niGa NXt^^yt«Ii 4 0 2 ^SKT^> i V 

a&. mz y x-yfy^; 6ik lxcos i o 2 

K6 1Srat^4*. ^®CnSGaNxt:^^y^ 
J£M 4 0 2 ^ y - K®g 7 2 ffiO^JH^Kfc 

LTTi/Au^ftSN-^. CCO^. Si0 2 S61^ 

sio 2 xy.fy/am*«. d<^em. aio 
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lmcD&jmmt lt. Ni /a u 

m> Si0 2 $££. ^('J7h^7)tillf, PIG. 

10(b) iz^Xolz^ T/-K^7 

,l?)«80 0XrC5#^ ^L<{i7 00 

#v-f®&7 2. 7v-b'a®7 imz. m%*~ 
[0072] j^jljio <t o ttmrnm i comifo<DMmv> 
teu-vvmftmmmmizfotiiitzz t ' 

lEfc* AlGaN/GaNxtMH/Ht41 

^^±^<KphZti f z^<m-LX^^Zt^mz 
m*bt>tlt:. MQWvStt^4 0 5#ifi<O8)f®i£:SEM 
fl£S£liifeL*:#. f^LfcSgSflfcrtelll 3iz&t>K 

9&&m&^h^ofc. tffe A 1 GaN/GaN 
Xt;?*^A*g#4 1 lcO&JJffclA 1 GaNJf 

*f ^m^m^mmz^h t r . 

[0073] afcfc. A I GaNXt^dfyt/^42 

B8#8c£8Mr$-*. Ell 1 (b) tzfrttftWcomi 

t>, ffl^tSMhfflfltt:. BteSK8L*:08 (a) - 
09 (d) fcWiR^IStfl^&ifcjfiffTO'Cft** 
[0 0 74] H ) 5frf* E92(C5rrMOCVD8«<0 
^r^3 30±^gV^A I GaNXtf**^*;^ 
S4 2 1 frJWRL. tMrr*ia&*U 1 5 0X:fc:i5V> 
ts TMGtSiH 4 Oftfe»l, nlGaNXt 
^^^14 0 2^, AlGaNxtr^^yf/l' 

^4 2i^±£f£IW-S. TMA^iiiraftte 
fl><r2:fcJ:oT. nlAlGaNx^^t;«i 
■4 0 3£, n^GaNXtr^x-wHfcgJ^O 2(7) 
-bfcJft*T*. TMAOWfttff±trnfflGaNxe 
^^r>"r;^^JB4 0 4^. nlAlGaNX^^ 
*JWS^4 0 3<0J:fcJ**r*. *LT, TMG, S 
iH 4 Oft»t#jhLfett. 1Mrr*&££8 0 0X;£ 
TWs TMGtTMlC07>f^fflUTI nGaNtf) 
MQW«teJf4 0 5 TMUTMG^ftft 
£#jtLT*<>. 1Mrr?;&&£l 1 5 0lCfcllU T 



MG. TMAWCp 2 Mg£gt&LT\ piAlGa 
Nxe**^*/HKWi4 0 6Ss"MQWgffi|4 0 5 
<0±fcj8*£-£*. «tyCTMA£<0»K plGaNX 
e**i/*/W8*»4 0 7S: % plAlGaNxW 
^/Hft*iB4 0 6O±*C[ffi*S*5, ?f*TMA£» 
Mft&LTpSlA 1 GaNx^^i/tMSl4 0 8 
P lGaNxe^*^;HS*l4 0 70lt**' 
S«,»vt, TMAO«fttff±Lr-f04*plI 
GaNxe?3rv' J r;H&&Jf4 0 9£\ pSA lGaN 

fts Cp 2 Ms^tWftS»ih«l:raB»fc:SiH4^X 
£ft&LT, TiI<0G a NXt^^^/^ij|.4 1 0 
fc. pfflGaNXtT^ap^;Uja*JB4 0 9^)±fc«fi 
f*. TMGkSiH 4 #XOt^£ffjI:U 
^r^aatWSSOXJArT^fcti*^ NH 3 
<0W&fcffjM-*. £L£OJ:3teUC. 01 1 (a) fc 

ft*. 

[00753 (o)*t,Hll(a)lcjR«Kxt 
?*i"r)V®MM<7>±.\iZ. S i 0 2 MfrJMM-*. *L 
T\ Si0 2 K^\*^-x^L. nl^GaNxW 
*WMfogJf 4 1 0Wvfy/ffl7^^S»»t 

ioxyfy^7.x^tfflif\t, 
tr^^^-v/P^JlSrXyf-^-fs, ioxyf^ 
li. nIGaNXW*^Wl«l4 1 
plGaNie^dr^;^l4 0 9^ DSftttM 
SftS&TSS. EW#JfttcJflv>fcS i 0 2 vx?t. 

«ie^yfMIi«^A 1 GaNXt 
^yt/^4 2 1 SMOCVD«S^fc»At 

*. *lt. inrr^sisi 1 5 QtXfcVvt\ TMG 

fcCp 2 Mg*«teU plGaNxt^^^MI 
■ 5 1fcjfi*S-«\ ao^iyBBiSfti. iOplGa 
NXWWA*ft|5 10ife jgfc. plGaN 
xe^£/4>^JftftJ|5 2&lKJl8«-«. TM 
G<0«»i»ifcU tMrr?i&K#8 5 O'CiTT* 5 -? 

**^+/WftJM#*«*:hfcA lGaNXt^H 
/W£&4 2l£, MOCVDSBB^feKOffi-r* 

[0076] (J\) mz. 3«Exe**^/WS»Bo 
aUfc0pMGaNxe^^^Y;Ufi£^15 2±t. S 

i0 2 I61^W§. *LT. S10 2 H6Lt't 

RIEKJoT. nIGaNxeW^«H4 0 
2**SB+**Ta^. X7ty^ffl7^6 1 
kLX<?)S i0 2 K6 lS-«t/i*t. ^SCnlGa 
Nxe« S^/H&£/f 4 0 2 IC«f 4 tj V - K1KS 7 
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2ffl^)A«HllfeLrTi/Au**art'&. 
Si0 2 H61^Si0 2 X7f>'/aTii«. - 
co&M. mil (b) iZTfcfXitz, *V-K«BR») 

^-iv^sii*. *fc«f s i o 2 KSrttatr 

i3t »rfc*S i 0 2 »)-»(ciBP»«:»j(W-&. 
i<o«. Si0 2 s^;i*(»j7f^7)t 

tttt. pfflGaNxt:^W;Uja*jB5 2<0W»^)- 

«»te. 011 (b) fcjjcridfc:, ry-KS«B7 

[0077] £Lho J: 3 1 ^SlfitO^HI^ 

»2^ffi^*=«4*^^gOSJt^*fc:J:>?. 

&. 3Efc. AlGaNXt7^;HK4 2 11^ 

< % & £ fc fc**"< LT V >4 £ £ i> RlHcVM) 6 
it*. MQW^ffif4 0 5#ia^|!r®$rSEM^$r^ 

4H;ULfc:hAa^fc. A lGaNW^^ 
SK4 2 1 WHtvcv*fc*>, *^Jbfc#JBxtf**S/ 
^;P**L^ft^lSTa»*«OSft.. Rff«rtSAtt 

[0 0 7 8] (»2<pHIS^JB:^»*W-ifOi8i 
SI 2tt. *^om2c09ISfi<0^^c®^ J tfe 

&3 0 l«*ttw^!SA«K*ffli^OTIMi<. 
«)t»«^GaNxe**5'*A*«4 0 1*JBV>*£ 

Sfi4 0 10Kfi£m& Ti/AuW*V-HM 
7 2#*-Sv?SSi5*VC^*. GaNXW*^ 
;H6«4 01i±, 03 (c) fcj5^xe*+*+/H** 
■He, Si£7xl0i 7 cm- 3 7bM2xi Oi • c 

apRK«W*OGaNxe^ar^/l««4 0 1<0± 

nlGaNxmyfMSB4 0 2, nlAl 
GaNx^^t/^gf4 0 3. nlGaNxt; • 
*^*/l***4 0 4. MQW«tt*4 0 5. pIAI 
GaNxW^/l€ii4 0 6. plGaNx^ 
*fi''A>;H&gJl4 0 7 s plAlGaNX^^P 
^11408, plGaNxe^^fy^gi4 0 



9. n!GaNxW^yt/HSS84 1 0. plGa 
NXt#^3/-YyWR*JI5 1. plGaNX^i/t 
/H&HJI5 2*iOli(c«RUfeflBi*S8SkL'C^ 

HI 2£*rTJ:3fcs nlGaNxt^^fyt;« 
Xff4 10*)t9U p&GaNxt?**^*;WftMI 

4 0 9(ca^oo»3& j »*tfe*i, frmztifz-m. n 

IGaNXt^^/l*fti4 1 0sWt«:/n yfM 
*««LT^*. «->r; pIGaNxe^^ri/t« 

M4 o 9 (ona^oap^o^.^^ ltto#o*u m q 

W*£ttJI4 0 5 fcSWt . «*«t < U—f«J»f & J: 3 
fc#J$$*U;V>*. MQWgtti4 0 5OM1^^7 7 
KJBfcfcS n§|A 1 GaNXtr^*^il*«|4 0 3 
Jltf P SLA 1 G a NX fcr**5^WUfifc»B 4 0 8 T&kA, 

4. iJtiOpfiG a Nxe^* 5<^«*|5 2li, 

apfW*»*^*-$'y^3y^^b»'c* , 5. pIg 
aNxe#*S/*;Mft«5 2fcfcL Ni/Au*or 

/- F«a 7 1 $ v trnttt x o wea&tiT 

H9 pfiGaNxt#^t;«ftl 

5 2*^nlGaNxe^^;^i4 02Hlf 

i&9J:3S\ Xyfy/ffl7A^61«Ig^ £ 
C7)x.y^v^fflv^^6 1 SrJHlvfcR I EIi^fS&$ 

Nx^#^/i^6R4oi<sos®;ca». #y— f« 
aE7 2*g8«*^L-cv^o"c. mpsfco imo7>f 

xmwffiiz®wkZtLh. x„ if--yr^±Bifc*$ 
[0079] x. mum i7&mm&) mica 

N/GaNxe^^^t^4 1 l^L<<iA 1 Ga 
Nxt^^^;WS«4 2 1^S®(C^. Ti/Au 
y- K««7 2 $ 7;i»L^ffiS^ 

A 1 GaN/GaNxt^df^;Hfi4 1 l«L<li 
A 1 GaNXt^^yt;l^«4 2 lfct *tl*tl* H 
6(c) ai^7 ( a ) t=n^««f*^»4/ia^)x^ 
^ * S^^r/PJAKBIHC. Si Sr7xioi 7 cm - 3 ^ 
2X101.9 cm- 3ggfc:K-iry^LTi3Wf. § 

[0 0 80] <3&3<DHJ&^J$: LEDOg^^) 

*>OT<MSV> # *fKB<0»3<«Wfc<^KBfc:4jv^rii. 
IMaLED^DWWrttSKWf*. ^^^BBo^30 

IC^l^£*CfflEL^GaNX^^yt;l^fi4 0 

loifc, MOCVDrarg^ftUa^iHx 



(a 6))01 -342100 (P20O1-34BI8 



[0081] <-f>jfef. H3»SB4te»Lfc*i6"e 
*«BBOGaNx^4f^;Hfi4 0 1 
*LT* H2fc^±3*MOCVDSIfiS:fflv\ i<o 
GaNxmyt;«K4 0 l£)Jht. 08 ( a )£ 
^t<t-3(C v n^GaNx^?3r^;Uj&gJ14 0 2. 
niAlGaNxm^MI14 0 3, n|Ga 
Nxe#*$/*/WWfl4 0 4. MQW*§ttJ14 0 5, 
piAl GaNxe^i/--\>/l/J&g/14 0 6. plGa 
Nxe*^i^/H£l®4 0 7. pSAlGaNX^ 
*^/^««4 08&C/pBGaNXt:^S/irMK 

^Ji4 0 9^, z<ovRtzmittiz&&i-z. ±mcr>*m 

ft\s—?<OW&mtm*Z tilts plGaNXt^ 

>^/H&gJg4 1 0*J&JW-*\ i»X^^i/t;HS 
*ft*7-r&*T*&. fiO^>. ^W&OJMC^pfiGaN 
Xlf^^^«II4 0 9^MU^, TMGeOft 

a^asaawi-cT^oJtfci^ asfcxtr**^ 

^/l/^a^Mffll^ii^G a Nxtr**^-wWS«4 0 

itoonm&RiMc. attxe^^^;uA«Ji**tfea$ 

WiGaNXt^^2/ir;P*«4 0 10«5aa<?>-»S 
W, **>flWffi£SEMtBIW-S. CcoBrffiSEM 
Wmizi*). pSGaNxtf**$/*;l/*Wl4 0 9<D 
nlGaNxt^^^MH4 0 2i 

C 0 0 8 2 ] < o ) llxt^^y^MIKO 
«JJ|OpaGaNXt^*>'+A«fii4 0 9±£. 

^^li. plGaNx^dfy^H4 0 9^ 

H) k«*feii&«-(Sn) WpLfcBHt^yynrA 
M(Sn0 2 ) KO«ta^5W)K«KSr. 
CVD^ Ka9HHfi^x^'Cy^®arlf?feffiv^«W 

^LT^^€ihLTfflV^Ti^V\ *L/T\ SiO 
2 ^£&&x?f-y:/ffl^;*?£. jgHJ}®E«?)_B;: 

T, ft"^BI»KA7-xy/t$ 4 EC SiO 

BfHSEMmBCiOiWLfcpfflGaNX^ 
^t;^84 0 9^^>nlGaNxe^^i/t/l« 
*H4 0 2 4T^)*S«rKfc:LT. tfy-FMROiB 
LffiS£«§D, niGaNxm^«S!4 0 2 

CP 08 3 3 (^) J^v+y^m^AtzmLtz 



tt. ^rSffc:nffiGaNxe^^>"v;^^4 0 2|C 

ffc, S i 0 2 ffiSr. NH 4 F^MttOS i 0 2 x-yf 
v^«-c»*-r* CJ7W7t*) . *V 

*>&8 0 0XrC5#l^ *L<Ji7 0 0X^2 04HHg- 
M3R»H»+tS6«Slftff5ifc-C^y-H«a, 

[0084] 3 0 0/imfcOf-*:rfc:flJ9HJL 

WS*>A7\* irrn^FU *y 

*«eUifc£** tr^«HBi4 8 0ninT*9. B 
2)1*2 OmAtwfcWCl 5mWtft^^, iOffiWi. 

*1ST^fig Lfc L E D <T> 6 0*H±?ft o fc . 

[0085] mz-w^tit otc. *»H^*«iBiao 

«Hai»0GaNxe^i/irn*fi4 0 1fcfflV^ 

fc* *»WO»3C0Slfl^raR^irfeLEDt,. ^F*E 
WEOGaNxe^^^;Ht4 0 l^SiCS 

ts iOBRW««K^GaNXtr^4r^;l«R4 0 
lOifc, nlGaNxe^y+/Wif4 0 2, n 
MA l GaNxmytMIi4 0 3, nlGaN 
xtT^^^Y^^4 0 4. MQWyS14^4 0 5. p 
SA1 GaNXtT^^ri/r;^*«4 0 6. plGaN 
xe**v*7H£^Jg4 0 7. plAlGaNx^df 
i/^Mll4 0 8 WpIG a Nxe^^ i/^MI 
/f 4 0 9Z£CDmi f mmLfZimtZ&\^X. PlGaN 
0 9tr/-H^i^^^ v 
? mfctZ X 0 HM**l& #l«]^fiiii<D#feL E D 
tf$EZfrf&. fiD*>. piGaNx^*S/tWE«l4 
0 9*>^nlGaNxem j rMIl4 0 2^^f 

**y~F^^9mu?^^T*&£. fto-c. * 
y- HSffiia as Lmm&mth *#><ox v*y#® 

fc. *y-F«SB9ajUfflji*JIWU4:V%»SH»BW: 

*y-FiW7 2a^s;ftTv**m\ ist-s 
^0 i0co T 7^^-#>f r ^>^T'^v^"C. m^Ar 
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[ 0 0 8 6 ] „ *miC0M 3 coSettWJBHtitJ O 
Ts GaNxe^4r^;l^«4 01^ft*)OC Al 
GaN/GaNxe^i/«v;HS4 1 l=gL<l*Al 

[0087] (*<Dffi05»MO«HR) ZcoZolz. mi 

[0088] «iK, H3JlMH4fcSLfc#SrJS* 
Lfc*»HJi(0GaNx^^a/^/l««4 0 1 <D_tte. 

mocvd&t\ d^43WMffit»amk:xe 

^Jr>-^;m^LT^^^h^J:0. MESFET 

[008 9] OTttf. MESFET^l 
GaNxm^/H^4 0L AL GaN/GaN 
X^^^iHS4 1 1*L<«A.I GaNXt^ 
>-v;l^^4 2 1<0±(,Z. 4 0 nmOA 1 NXtf^v 
•WPjSSflL 3^mC0GaNx^^i/tM^i s 6 
nm(0A 1 NXK^df^HtH, 
100— 25 0nm^)GaNXtr^^^;l/ai«Hfcll 
fcttHU rnh'y <H* ) SL<tt^'J*-* (H 

) tntlX^HIIHMJtti. *LT. 7* 
V U V ^7 7 < RVR I E Sr ffl V vCSUfOG a N xe 

5 0 0T3WtTS!MMU V-VFWy«tiBlt 
Wc* U 7 K*7I8"CAu«&»£**>'b >/ b 
*--y-h«itJtt«TMtr. MESFETaWiSUB 
**. y-bWB±, AU Pt/Au 

*9&S£ffiWt fcJftVV £0«fc3*. GaNXtT?* 
£"*A'£K4 01, A 1 G a N/G a Nxtf^^-wW 
&&4 1 lSgKliA I GaNXtT^*^/VaS«4 2 

1 £fflVv*c§©sLfcME S F ET<i N f-^*/H<0lSft 

[0 0 9 0] HEMTtfMWIi, IfifcUfcGaN'xfc* 
^t;HS4 0L AlGaN/GaNim^t 
A*«4 1 If L<i*A lGaNXW^««4 

2 14>±te. { iS) GaNA 7 7ri$: 
xe^a^HftftU £<Z>_btC. 2 0 nm^niGa 
N++*n>M* 1 OnmOiSAl GaN^- 



1 Snm^nlAlGaNt^I?:, Jd^Xt^^r 

m&f&th. mvt. r i Er*^*i»fc#j8u 

igJJfOn&A 1 G a Nig^te/ItC. Ti/Al 
MV-VFW>H, JtlXAn, Pt/Au. £ 
L<l±Al«frfear&y-h«K*»J(tt*Uf. GaN 
/A IGaNA.f-nifr&Srffl^fcHEMT^aittai* 
4. nSGaNft^at ilAl QaNX^-fl 
2: O^f-n^-^®^ 2<fc^^#X#JBfi£S*l£ . ft 
l*HL nSGaNft*^±fc % ilAlNX^ 
VM* nfflA 1 N«^«»Ji*W(cifaiU GaN/ A 
lNA,^at6^Srfflv^HEMT«r»«LTt>Al>. M 
ESFETtO*6-fcRI»t:, *»W«0GaNxe^^f^ 
•WHHR4 0 1 , A 1 G a N/G a NXt^^yf/H 
14 1 lfKliA 1 GaNXt^yt/HK4 2 1 
*H*vtltfcLfc£*l60HEMTI4, f-W'M'JlOtt 

[009 1 ] X. td»Lfc*JS^GaNxtr^*5/r 
/HS40K AlGaN/GaNxe^i/f/HS 
4 1 If L<liA-l GaNxW*^;«S42 1^) 
4 0nmOAl NX^^^r WtHUUI. 3/um 
^)GaNxe^^t;Wc*l, 6nmC0AlNxtT^ 
#3'*Jl'JftJUL f"**JWBfcsfir*l 5 0nm7bM2 5 

0 nmOGaNxt:^ar^;^I$|It:J|9L, H 

+ £t<t*He+ tram, mm. s^stswesa 

JBcOf"V*/WB (GaNx^^ar^^^jf) o± 
fc, 8 0nm^^U3>-^tJl(Si 3 N 4 K) £Jf« 

Rtf>±fc. Al^w&JBs^^i^-MBKftWrt-Wi. 
Hf, MISFET#»ftffl**. f"**/WB# % 6nm 

coa i Nxe^*^;i*»TRtiar)fe*utflia-c 

:«kl, GaNX^^^/«^JiC, Ti 
/A 1 H«y-VKW 

*JW©GaNxe^^MBI4 0 L A 1 G 
aN/GaNxe?*>-r/l^g4 1 If L<tiA 1 G 
aNX^^yt;l«S4 2 1 SrfllV vtlSt U:£OM 

1 SFETli x *****^WMM«<* 

[0092] gSVMi, fittffiffiA 1 G a Nxt^i/t 

^^•r/U^L/iG a N^-Ajf&r/A 1 G aNx'5 «y 
^■SWV^fcA 1 GaN/GaN^D^Ml^H 

LTWjSLTfcft^. tfVMi. filHBaGaNX^* 

WJUMLfe I n G a AJB&lXG a NX 
$7^i»JtGaN/I nGaN^D^i^ 
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fcHBT«te«**JUI3ft** MOCVDflrcSMWr 
J*. fitfifiiA LGaNx^4r^;Uifi4 2 1 SL 

[0093] 

WCT*«&*] 6LhSBWJLfcJ:3fc. *JHIfcJ:h«. 
teftO^±tt**?i5<, *B*7*ny-<0«ifcxtr* 

[ 0 0 9 4 ] X. *MBBtelWr. ffittJSStoxt: 

[ 0 0 9 5 ] X. #IW!fc J:*ttf , xt** ^HfcH 

C 0 0 9 6 ] *^T. *«BBO^«c^®^^ffi^ 
[ 0 0 9 7 ] X. *WH(cJ:*Ujr* xtt?*S"WWftJt 

[01 1 *5K8^xtr^^^^;«Sffl2£«^i8t*ffi 

(cffiv^tt^nnes • moc vD^owmm^ffrt 

[02] *srao*Sfl^S<oiSi^tzffl^-&MOC 

[03] *«WOGaNxt^^;l/^gfflSffi<0« 

CH4] *55ffltf!)GaNxV^^;Hft«ffl»KtfMR 
ag^Sr^XSR^ia-C*^ (*tf>2) . 
[05 ] #JWI*)A 1 GaN/GaNlW^tAtf 

1) . 

[06 ] *JHB0)A 1 GaN/GaNXt^y^M 

2) . 

[07 3 *««3§c7)A 1 GaNi^^^;l/^iM 

[08] ^min&iemmmiz&toztmtmw 



(**>i ) . 

[09 ] 1 eol6iegJBfc:lSi?&*«(«SS 

(¥ttftt'~? ) cosai^^^i-x^BWHrfc^ 

(*<02>. 

[010] ^«^«io9wn^»0i Mtiox 

£*rtXSBT®0T'&&o 

[011] sftMttff 1 tmmmnmMBm (ff 2 

[01 2] *»B^S2^SQ5fi^Slfc:ffii>^at^«^ 
[013] ^*co^#f*^Mcoi^^^«t^4^ifrU 

[ffMMl 
2 1 ^SKJS&SS 
2 2 NH 3 ■ 
2 3 HCltfXigA^ 

24, 31 #xmx<g 

2 5 IMff 

2 6, 3 3 If-W* 

2 7 «t-^ 
28 ggffi 

3 2 Sjfttilgftb-^ 

5 1 pIGaNxe^^i/t^**l 

5 2 plGaNxe^j/t/HjEW 

6 1 Si0 2 J^ 

7i tv-f«s 

7 2 *V-F«& 

3 0 1 'tt^ttlUGK ( cIt7r^TlS) 

30 2 GaNffiffljfcg/I 

30 3 GaNx^^f^mfil 

3 04 InGaNxe^^yt/WSi 

3 05 GaNxe^^-wW&gJf 

30 6 GaNxt^^^Watl 

3 15. 3 16 AlGaNxe^y^HSIf 
40 1 GaNxe^^r^;HI 

4 0 2 niGaNxe^^t;HS*l 

4 0 3 nlAlGa Nxe^^r^^l 

4 04 nMGaNxe^^ytM^i 

4 05 I nGaN^M?#F (MQW) Sftl 

40 6 AlGaNxe^yt;H8ftl 

407 plGaNXt^^ytM^i 

4 08 pSAlGaNxeM^A«5i 

4 09 plGaNxtT^dfytM^i 

4 1 0 nlGaNxtr^dfs/t/HSfil 

4 11 A 1 GaN/GaNxe^yt/Ufi 

42 1 AlGaNxe^yt;^ 
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[01] 



[02] 




l^gl 1^1 [^1 E<3 \ 



21 



301 1t77-<7ltta 




r^i i^i i^i i^i 



23 Hcitfa*A« 




32 Mjoraat-^- 
ooooo 




25*** 
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[011] 




F?— A(#it) 4G077 AA02 AA03 BE11 BE15 DB08 
ED06 EF03 
5F041 AA40 AMI CA22 CA40 CA62 
CA64 CA65 CA74 



